The properties of the mechanical responses produced by solutions containing high concentrations of potassium ion (high-K solution, [K + ]o = 9-27 mM) were investigated in circular smooth muscle preparations isolated from the rabbit rectum. Isometric recording of mechanical responses of the muscle revealed spontaneous contractions, which successively decreased and finally disappeared in most preparations. Stimulation of the smooth muscle with high-K solutions elicited an increase in both amplitude and frequency of twitch contractions (sustained component), with about a 2 min delay in the beginning (initial inhibition), and a transient large contraction shortly after the cessation of stimulation (after contraction). Transmural nerve stimulation (TNS) with electrical pulses for 1 min at 1 Hz frequency produced a sustained inhibition, but a transient contraction followed after termination of TNS. In the presence of tetrodotoxin (TTX), the TNS-induced responses were abolished, while a high-K solution elicited increased twitch contractions with a short delay and abolished the after contraction. Suramin produced effects similar to TTX on the responses produced by high-K solutions or TNS, but this was not the case for atropine, guanethidine or N ω -nitro-L-arginine (L-NA). Recording membrane potentials with microelectrodes revealed that TNS evoked an inhibitory junction potential (i.j.p.) which was non-adrenergic, non-cholinergic and non-nitrergic in nature. High-K solutions elicited a triphasic change in the membrane potential; an initial hyperpolarization, followed by a sustained depolarization and finally a transient depolarization on cessation of high-K stimulation. TTX or suramin inhibited the i.j.p.s and altered the tri-phasic change in the membrane potential produced by a high-K solution to a mono-phasic depolarization. No significant modulation of electrical responses of the membrane induced by TNS or high-K solution was elicited by atropine, guanethidine or L-NA. The results indicated that the circular smooth muscle of the rabbit rectum is innervated by inhibitory nerves, and that stimulation with high-K solutions caused inhibitory neuronal modulation of both electrical and mechanical responses of the smooth muscle, in a suramin-sensitive way.
Introduction
In isolated gastrointestinal smooth muscle preparations, electrical stimulation of intramural nerves transmurally (transmural nerve stimulation, TNS) evokes both excitatory and inhibitory responses (Tomita, 1981; Hoyle and Burnstock, 1989; Hirst and Ward, 2003) . In the excitatory responses, a cholinergic response can be detected as an atropine-sensitive contraction or as an excitatory junction potential (e.j.p.), with the involvement of substance P as the mediator which could be detected by selective inhibition of the responses by antagonists of substance P receptors such as spantide. The nerve-mediated inhibitory responses of gastrointestinal smooth muscle are a relaxation or inhibition of spontaneous contraction or the generation of inhibitory junction potentials (i.j.p.) which are not inhibited by atropine or any type of adrenergic receptor antagonist. Further, the non-adrenergic non-cholinergic inhibitory responses involve a nitrergic component which may be produced by nitric oxide (NO) as they can be blocked by NO synthesis inhibitors (Sanders and Ward, 1992; Ohno et al., 1993; Shimamura et al., 1993; Hata et al., 2000) . The remainder of the non-adrenergic, non-cholinergic and non-nitrergic inhibitory response can be largely inhibited by apamin or suramin, suggesting a possible involvement of ATP in the transmission (Dunn and Brakely, 1988; Burnstock, 1989; Ohno et al., 1993; Zagorodnyuk and Maggi, 1994) . Thus, the use of these pharmacological tools allows identification of the character of the responses produced by TNS in gastrointestinal smooth muscle.
Excitation of intramural nerves by electrical pulses is not the only way to release transmitter substances from them. Suzuki (1983) investigated the properties of mechanical responses produced by solutions containing high K + concentration (high-K solution) in the bovine ciliary muscle, and found an involvement of atropine-sensitive components in the high-K induced relaxation response. It was speculated that high-K solution depolarizes both smooth muscle cells and intramural nerves, and that the former produce contraction due to a depolarizationinduced increase in the influx of Ca 2+ while the latter release transmitter substances as a result of increased concentrations of Ca 2+ at the varicosity due to passive depolarization or excitation of the membrane.
Attempts were made to investigate the properties of mechanical responses produced by high-K solutions in the smooth muscle of the rabbit rectum. Rectal smooth muscle receives both sympathetic excitatory and inhibitory nerves in the cat (Hedlund et al., 1984; Carlstedt et al., 1988) and human (Carlstedt et al., 1988 ). An important role for NO as the transmitter of inhibitory nerves during relaxation of the rectum in response to hypogastric nerve excitation is suggested (O'Kelly et al., 1994; Kojima et al., 2006) , and is supported by the rich distribution of NO-containing nerves in the myenteric layer of the rectum in human (O'Kelly et al., 1994; Seo et al., 1994) . It is expected that smooth muscle tissue will produce complex responses during stimulation with high-K solutions, since this stimulation may depolarize both smooth muscle cells and the intramural nerves: the smooth muscle may contract due to the enhancement of Ca 2+ influx as a result of depolarization of the membrane, while depolarization of intramural nerves may release different types of transmitter substances and modulate smooth muscle activity.
The rectum is formed by two layers of smooth muscle, both circular and longitudinal muscle. The present experiments were carried out on isolated circular smooth muscle bundles which are one of the fundamental elements in the process of peristalsis. Mechanical responses of circular smooth muscle bundles during stimulation with high-K solutions were measured, and the changes in membrane potential associated with them were also investigated using conventional microelectrode techniques. The results indicate that the circular smooth muscle of the rabbit rectum is innervated predominantly by non-adrenergic, non-cholinergic and nonnitrergic inhibitory nerves. Exposure of rectal smooth muscle to high-K solutions produced an inhibitory modulation of the contractile responses, which were found to be sensitive to both tetrodotoxin and suramin.
Methods
Male albino rabbits, weighting 2-3 Kg, were anesthetized with an i.v. injection of pentobarbital sodium salt (0.1 g/Kg) (Tokyo Kasei, Tokyo, Japan), and exsanguinated by cutting the carotid artery. All animals were treated ethically according to the guiding principles for the care and use of animals in the field of physiological sciences, approved by The Physiological Society of Japan. The rectum was excised, and opened by cutting vertically in Krebs solution. The mucosal layer was removed by cutting with fine scissors, and the smooth muscle tissue was isolated. The circular smooth muscle tissue preparations were prepared by pulling off the longitudinal smooth muscle layer with fine forceps.
Segments of circular muscle tissue, about 200 µm wide and 500 µm long, were prepared, and both ends of the tissue were tied with fine threads. The tissue was mounted on a cylindrical recording chamber (diameter 8 mm, length 15 mm); the thread of one end was anchored to the bottom of the chamber and the other was connected to the lever of the mechano-transducer (FD-612T, Nihon-Kohden, Tokyo, Japan). The segment was superfused with warmed (36°C)
Krebs solution, at a constant flow rate of about 2 ml/min using a peristaltic pump (Type 1500N, Taitec, Osaka, Japan). A pair of silver plates (width 2 mm, length 15 mm) was attached to the wall of the recording chamber, so as to sandwich the tissue segment and allow electrical stimulation to be applied to the tissue segment. Rectangular pulses of 0.1-1.0 ms duration and 30-40 V intensity were applied to the tissue segment transmurally to stimulate intramural nerves, using an electric stimulator (Nihon-Kohden, Model SEN-3013, Tokyo, Japan). Selective excitation of the intramural nerves was confirmed by the reversible inhibition of the stimulationinduced responses with 10 -7 M TTX. Mechanical responses of the smooth muscle segments were recorded isometrically using a mechano-transducer, and stored in a personal computer.
Electrical responses of the circular smooth muscle cells of the rectum were recorded from a segment of circular muscle tissue (200 µm × 300 µm) which was immobilized on the silicon rubber plate fixed to the bottom of the recording chamber (10 × 30 mm, 1.5 mm depth) using tiny pins, with the serosal side layer uppermost. The tissue segments were superfused with oxygenated warmed Krebs solution, at a constant flow rate of about 2 ml/min. changed by changing the ratio of NaCl and KCl, in an iso-osmotic manner. These solutions were aerated with O2 containing 5% CO2, and the pH of the solutions was maintained at 7.2-7.3. Chemicals used in the experiments were as follows: acetylcholine chloride (ACh), atropine sulphate, noradrenaline, guanethidine,
nifedipine (all from Sigma Chem., USA) and suramin (Peptide Institute, Osaka, Japan). Experimental values were expressed as the mean value ± standard deviation (SD). Statistical significance was tested using the Student's t-test, and probabilities of less than 5% (P<0.05) were considered to be significant.
Results

Mechanical responses produced by high-K solutions
Circular muscle bundles isolated from the rabbit rectum demonstrated spontaneous activity which changed with time after mounting the preparations in the experimental chamber. For the first 2-3 hrs, all preparations exhibited spontaneous generation of twitch contractions with an irregular frequency and amplitude (Fig. 1A) . By 3 hrs, muscle activity had either changed to a regular rhythm in 34% of the preparations examined (13 out of 38 preparations) (Fig. 1B) , changed to irregular twitch contractions with reduced amplitude and frequency in 29% (11 out of 38 preparations) (Fig. 1C ), or all activity had ceased in 37% (14 out of 38 preparations). By 5 hrs, spontaneous activity had ceased in more than 95% of the preparations examined.
Experiments were carried out to observe the effects of solutions containing high potassium concentrations (high-K solutions) on the mechanical responses of the circular smooth muscle of the rabbit rectum. 
Neuronal components involved in the mechanical responses produced by high-K solutions
The possible involvement of intramural nerve excitation in the mechanical responses produced by high-K solutions was examined using 10 -7 M TTX. As shown in with a 51 ± 8 s delay (Table 1) , and the smooth muscle produced a burst of irregular twitch The values include the time required for the flow of the high-K solution in the tubing between the server and the experimental chamber. Data were obtained from 3-10 preparations. *, significant from control (P<0.05). † , no significant difference from TTX.
contractions superimposed on a sustained contraction, during stimulation with the 16.48 mM (Fig. 4B) . These results indicate that the mechanical responses produced by high-K solutions involve both TTX-sensitive and TTX-insensitive components, and that the former produces inhibitory actions on the mechanical responses while the latter produces excitatory actions. As TTX is a known inhibitor of nerve excitation due to its blocking of voltagedependent Na-channels, such results suggest that the TTX-sensitive component is produced by the transmitter substances that are released by the excitation of intramural nerves in response to high-K solutions. The enhancement by TTX of the high-K-induced contraction suggests that in the circular muscle of the rabbit rectum, excitation of inhibitory nerves is involved during stimulation with high-K solutions.
Attempts were made to investigate a possible involvement of cholinergic, adrenergic or nitrergic nerve excitation in the mechanical responses produced by high-K solutions in circular smooth muscle preparations of the rabbit rectum, using atropine, guanethidine or N ω -nitro-Larginine (L-NA), respectively. induced mechanical responses (n=15 for each, data not shown). These results suggest that there are few if any adrenergic, cholinergic or nitrergic nerves in the circular smooth muscle of the rabbit rectum.
Mechanical responses of the circular smooth muscle of the rabbit rectum produced by intramural nerve excitation
Electrical stimulation was applied transmurally to circular smooth muscle preparations of the rabbit rectum to excite the intramural nerves. The properties of the evoked mechanical responses were examined. When transmural nerve stimulation (TNS) was applied for 1 min at 1 Hz frequency, spontaneous contractions were inhibited during the stimulation, and then shortly after the cessation of TNS, the smooth muscle preparation produced a transient contraction with an amplitude larger than that of the spontaneous contractions (Fig. 6A) . These TNS-induced responses were not altered in the presence of both atropine and L-NA (Fig. 6B ), but could be abolished by TTX (Fig. 6C) . In separate experiments, the responses produced by TNS were not altered by 10 -5 M guanethidine (n=3, data not shown).
In quiescent tissues, no mechanical response was elicited during TNS, and a transient contraction alone was evoked upon cessation of TNS (Fig. 4C) . TTX (10 -7 M) abolished the transient contraction (Fig. 4D) . These results suggest that the predominant nerves distributed in circular smooth muscle of the rabbit rectum have non-adrenergic, non-cholinergic and nonnitrergic inhibitory properties. In separate experiments, TNS applied in the presence of L-NA and guanethidine elicited inhibition of contractions in spontaneously active preparations, or no response in quiescent preparations, and in both types of preparation a transient contraction was evoked after cessation of TNS (n=7, data not shown). Although the circular smooth muscle of the rabbit rectum produced a contraction in response to exogenously applied acetylcholine (K. Kato, unpublished observation), which is indicative of the presence of cholinergic receptors, these TNS results suggest that this tissue is not effectively innervated by cholinergic nerves, if at all.
Effects of suramin on the mechanical responses produced by high-K solutions and TNS
Attempts were made to test the effects of suramin, a known inhibitor of purinergic receptors (Dunn and Blakeley, 1988) , on the mechanical responses produced by high-K solutions and TNS in the circular smooth muscle of the rabbit rectum. In the presence of 10 -4 M suramin, the characteristic responses evoked by high-K solutions (a delayed start of the increased generation of the phasic contractions and a large transient contraction after the cessation of high-K stimulation, Fig. 7A ) were changed to an elevated resting tension with a superimposed sustained generation of twitch contractions with a short delay. These transient contractions were abolished on cessation of the high-K stimulation (Fig. 7B , Table 1 ). The transient response that appeared on cessation of TNS (Fig. 7C ) was reduced in amplitude in the presence of suramin (Fig. 7D) . Thus, these results indicate that the possible modulation of the mechanical responses by an inhibitory nerve excitation elicited by high-K solutions could be removed by suramin. Although the TNS-induced inhibitory actions on the mechanical responses were not clearly changed by suramin, the attenuation of the transient contraction which appeared at the end of TNS strongly suggests that the effects of the non-adrenergic non-cholinergic inhibitory nerve excitation were significantly inhibited by suramin.
Electrical responses of the membrane of circular smooth muscle cells of the rabbit rectum during stimulation with high-K solutions or TNS
Recording electrical responses of the membrane of circular smooth muscle cells of the rabbit rectum using conventional microelectrode techniques revealed that all preparations examined were spontaneously active with the generation of irregular noise and the occasional generation of spike potentials superimposed on the peak of the noise. A typical example of the response to high-K solutions is shown in Fig. 8 Further experiments were carried out to quantify the effects of high-K solutions on changes in the membrane potential of circular smooth muscle cells of the rabbit rectum in the presence of nifedipine, an inhibitor of L-type Ca-channels, since it was considered that the measurement of these potential changes would be facilitated in the absence of spontaneously generated spike 9E ). The amplitudes of sustained depolarization and after depolarization were increased in a concentration-dependent way, in high-K solutions containing >12 mM [K + ]o (Fig. 9 , F and G).
Sustained hyperpolarization of the membrane was elicited when the preparations were stimulated with 10-12 mM [K + ]o solutions (Fig. 9F ).
Junction potentials were evoked by TNS in the circular smooth muscle of the rabbit rectum. A single TNS evoked an inhibitory junction potential (i.j.p.) with a following transient depolarization and the occasional generation of spike potentials (Fig. 10A) , while a train of TNS at 1 Hz frequency evoked a summation of successive i.j.p.s with similar amplitudes, and as a consequence the level of the membrane potential between i.j.p.s was nearly identical to that of the resting membrane potential. On cessation of 1 Hz TNS, a transient depolarization with a burst generation of spike potentials was elicited (Fig. 10B) . In the presence of 10 -6 M nifedipine, single or repeated TNS evoked junction potentials similar to those evoked in the absence of nifedipine, but lacking the generation of spike potentials (Fig. 10, C and D) . 
Effects of TTX and suramin on the electrical responses of the membrane produced by high-K solutions or TNS
The effects of TTX on the membrane potential changes produced by TNS and a high-K solution are shown in Fig. 11 . The amplitude of the i.j.p. evoked by a single TNS was about 20 mV, but this was reduced to about 2.5 mV in the presence of 10 -7 M TTX (Fig. 11, A , B and E).
With TTX, the tri-phasic response of the membrane potential to stimulation with a 16.48 mM [K + ]o solution ( Fig. 11C ) was changed to a mono-phasic depolarization with a sustained component alone, with both the initial hyperpolarization and the after depolarization being abolished (Fig.   11D ). In the presence of TTX, the amplitude of the sustained component was increased by about 2.5 times that of the control (control, 2.9 ± 0.6 mV; in TTX, 7.5 ± 0.8 mV; n=5; P<0.05).
The effects of atropine and L-NA were observed on the electrical responses of the membrane during stimulation with 16.48 mM [K + ]o solution or to a single TNS. In all preparations examined (n=6), neither the tri-phasic responses evoked by high-K solutions nor the i.j.p.s were altered by atropine and L-NA (data not shown), which suggests that cholinergic and nitrergic neuronal components were minimally involved, if at all, in the membrane potential changes elicited by high-K solutions or TNS. Figure 12 shows the effects of 10 -4 M suramin on i.j.p. and membrane potential changes produced by a high-K solution. The peak amplitude of the i.j.p.s evoked by a single TNS was D) . In C, the mean amplitude (± S.D.) of the initial hyperpolarization = 3.5 ± 1.1 mV, of the sustained depolarization = 2.9 ± 0.6 mV, and after depolarization = 4.1 ± 0.6 mV (n=5). In D, the peak amplitude = 7.5 ± 0.8 mV, reduced to about 25% of the control by suramin (Fig. 12, A, B, C) . The tri-phasic response of the membrane potential elicited by the 16.48 mM [K + ]o solution was changed to a mono-phasic response with the sustained component alone in the presence of suramin, and the initial hyperpolarization and after depolarization were abolished (Fig. 12, D, E) . Suramin also altered the sustained component to a depolarization with gradually increasing amplitude during the stimulation and tripled the peak amplitude (control, 2.9 ± 0.7 mV; in suramin, 8.4 ± 1.1 mV; n=5; P<0.05; Fig. 12, E) . Thus, the effects of suramin on i.j.p.s and responses produced by high-K solutions were similar to those produced by TTX. Circular smooth muscle cells of the rabbit rectum exhibited an irregular membrane activity of up to 5 mV amplitude, and observation of this noise with an expanded time scale indicated that they were both composed of depolarizing and hyperpolarizing activity (Fig. 11A, Fig. 12A ).
Frequency analyses of the membrane activity indicated that noise of less that 1 Hz frequency were nearly constant, and that the spectral power density ranged between 0.1 and 1 mV 2 /Hz. In the presence of TTX or suramin, the membrane noise was nearly abolished (Figs. 11B and 12B), with a decrease in the power density of the noise activity to less than 0.1 mV 2 /Hz (Figs. 11F and   12F ). These results suggest that a large part of the membrane noise generated at rest are junction potentials produced as a result of excitation of intramural inhibitory nerves which release a suramin-sensitive transmitter substance. 
Discussion
The present experiments have indicated that in the circular smooth muscle of the rabbit rectum, mechanical and electrical responses produced by high-K solutions are modulated by inhibitory nerves. The inhibitory modulation was attenuated by TTX, suggesting an involvement of transmitter substances released from intramural nerve excitation during high-K stimulation. High-K solution could depolarize the membranes of both smooth muscle cells and intramural nerves, and TTX may inhibit excitation of intramural nerves. This was supported by the significant inhibition of TNS-evoked i.j.p.s with TTX in the rectal muscle. Although depolarization of the membrane at nerve terminals may be essential for the release of transmitter and not necessarily require generation of action potentials (Katz and Miledi, 1967) , a marked increase by TTX of the amplitude of the smooth muscle depolarization produced during high-K stimulation suggests that intramural nerves were excited by high-K solutions possibly due to depolarization of the nerve membrane above threshold for excitation. Frequency analysis indicated that TTX significantly reduced the spectral density of the membrane noise of smooth muscle cells, suggesting that intramural nerves were spontaneously active at rest and that a significant part of the noise was produced by transmitter substances in response to nerve excitation.
Most of gastrointestinal smooth muscle is innervated by excitatory and inhibitory nerves, with the former involving cholinergic or peptidergic (substance P) nerves, while the latter involve adrenergic, nitrergic, peptidergic (CGRP, VIP), purinergic or non-adrenergic, noncholinergic and non-nitrergic nerves (Hoyle and Burnstock, 1989; Hata et al., 2000) . The present experiments revealed that in the circular smooth muscle of the rabbit, the i.j.p.s were attenuated by TTX or suramin, but not by atropine, guanethidine or L-NA. These results suggest that the predominant nerves were inhibitory and were non-adrenergic, non-cholinergic and non-nitrergic in nature. Mechanical responses produced by high-K solutions, and also junction potentials produced by TNS, were not significantly altered by atropine, guanethidine or L-NA, suggesting that the distribution of cholinergic excitatory nerves is very poor in the rabbit rectum. Lack of effective nitrergic response during stimulation with a high-K solution or TNS also indicates that the innervation of rabbit rectum is unique, as nitrergic nerves are considered to be the predominant inhibitory factor for the neural regulation of gastrointestinal activity (Sanders and Ward, 1992) . For example, TNS produces an i.j.p. with two components, a fast and transient hyperpolarization and a following slow hyperpolarization, with the former being inhibited by apamin and the latter by L-NA in the rat (Shimamura et al., 1993) and guinea-pig stomach (Ohno et al., 1993) .
The mechanical responses of the rectal smooth muscle produced by stimulation with high-K solutions were formed of three components, an initial inhibition, an enhanced generation of twitch contractions and a transient large contraction at the cessation of stimulation. The initial inhibition can only be seen clearly in spontaneously active preparations, but because of this component, the start of the burst of twitch contractions was delayed by about 2 min. The initial inhibition phase may be produced by transmitter substances released from nerves, since this phase is TTX-sensitive. The transient contraction which appears at the end of the high-K stimulation may also be neurogenic, as this contraction is also TTX-sensitive. These mechanical responses may be causally related to the change in membrane potential, as the initial inhibition and the transient contraction were co-related with a decrease and increase in the frequency of spikes generated with association to the hyperpolarization and depolarization of the membrane, respectively. During exposure to high-K solution, the smooth muscle produced a burst of twitch contractions with an increased frequency, which was related to a quiescence of electrical activity in the smooth muscle cell membrane. Although we did not measure the change in the biophysical properties of the smooth muscle cell membrane, it is speculated that high-K solutions decrease the input resistance of the membrane due to depolarization of the membrane and the actions of inhibitory transmitter substances, thus masking the changes in the electrical activity of the smooth muscle cell membrane, while the mechanical activity of the smooth muscle would be enhanced due to elevated intracellular Ca 2+ concentrations.
In the circular smooth muscle of the rabbit rectum, suramin and TTX were effective in inhibiting the neurogenic components involved in the responses produced by high-K solutions or TNS. The inhibition by TTX may be mainly due to abolition of the action potential generation in nerves. Suramin is a known inhibitor of P2-subtype receptor of ATP (Dunn and Blakeley, 1988) , and therefore the responsible transmitter substances for these neurogenic inhibitions may be ATP. In the fundus of the guinea-pig stomach, suramin inhibits the non-adrenergic noncholinergic i.j.p.s (Ohno et al., 1993; Zagorodnyuk and Maggi, 1994) . However in the same tissue, suramin cannot inhibit the ATP-induced hyperpolarization (Ohno et al., 1996) . Apamin is also a known inhibitor of non-adrenergic non-cholinergic i.j.p.s in several types of smooth muscle tissue (Burnstock, 1981) , possibly by inhibiting the Ca-sensitive K-channels with small conductance distributed in the postjunctional membrane (Blatz and Magleby, 1986) . This seems to be also the case for the circular smooth muscle of the rabbit rectum, since the i.j.p.s evoked in the rabbit rectum can be abolished by apamin (H. Suzuki, unpublished observation).
The effectiveness of suramin on the i.j.p.s and responses produced by ATP in the rabbit rectum remains undetermined.
Isolated circular smooth muscle of the rabbit was spontaneously active with generation of twitch contractions in an irregular way, and the activity was changed to a regular contraction or remained in an irregular pattern with time. The "spontaneous" activity of gastrointestinal smooth muscle originates in the interstitial cells of Cajal distributed in the myenteric layer (ICC-MY), while the ICC distributed within muscle bundles (ICC-IM) produces membrane noise activity in smooth muscle cells (Sanders, 1996; Hirst and Ward, 2003) . The circular muscle of the rabbit rectum would also contain ICC-IM, and TTX-or suramin-resistant membrane noise recorded from smooth muscle cells may be activity which is propagated from ICC-IM in an electrotonic manner. In the present experiments, the spontaneous activity observed in most of the preparations examined was found to cease with time, and the preparations finally became quiescent. However, in these quiescent preparations, TNS or high-K solutions elicited activity again. Although the cellular mechanism of the generation of activity in the ICC-IM remains unclear, it is likely that a high-K solution depolarizes the membrane and elevates the concentration of intracellular Ca 2+ in the ICC-IM. The cellular mechanism for the generation of spontaneous activity in the ICC also remains unclear, and a possible involvement of Ca 2+ handling in mitochondria and the endoplasmic reticulum has been considered (Sanders et al., 2000; Fukuta et al., 2002; Takaki, 2003; Suzuki et al., 2006) . For the ICC distributed within the smooth muscle of the rabbit rectum, elevation of intracellular Ca 2+ concentration may also enhance spontaneous activity. Nifedipine abolished the contractile responses of the smooth muscle, but did not inhibit the irregular membrane noise. These results suggest that the supply of Ca 2+ required for the generation of contraction in smooth muscle is mediated by voltagesensitive L-type Ca-channels while that in the ICC-IM elevation of intracellular Ca 2+ concentration is produced though activation of other types of Ca-channels. It is summarized that in the circular smooth muscle of the rabbit rectum, high-K solutions produced tri-phasic electrical and mechanical responses, due to the modulation by inhibitory transmitter substances released from intramural nerves. The inhibitory transmitter substance was sensitive to suramin, but its nature remains unclear. The results also indicated that this tissue received little, if any, cholinergic and nitrergic innervation.
